Abstract. In our living, we often have a sense of being tired due to a mental or physical work, plus a feeling of performance degradation even in the accomplishment of simple tasks. However, these mental states are often not consciously felt or are ignored, an attitude that may result in human failures, errors and even in the occurrence of health problems or on a decrease in the quality of life. States of fatigue may be detected with a close monitoring of some indicators, such as productivity, performance or even the health states. In this work it is proposed a model and a prototype to detect and monitor fatigue based on some of these items. We focus specifically on mental fatigue, a key factor in an individual's performance. With this approach we aim to develop leisure and work context-aware environments that may improve the quality of life and the individual performance of any human being.
Introduction
Fatigue is regarded as one of the main causes of human error. Many times its symptoms are ignored, as well as its importance for a good mental and physical condition, elementary for human performance and health [1, 2] . The activity of driving a vehicle is a good example of the importance of fatigue in our activities or tasks, in which small errors can often and easily have a significant impact on human lives. This is even more significant in high-risk jobs such as aviation, transportation, aerospace, military or medicine, in which individuals routinely operate complex systems with a high degree of responsibility [2, 3] . The study of this topic is thus decisive as the continuous disregard of the effects of fatigue, seen frequently as normal consequences of our busy lifestyle, may end and up affecting one's quality of life, health or even lost of life.
Fatigue is however a very subjective concept and difficult to define from a scientific point of view. It may be seen as a combination of symptoms that include loss in performance (e.g. attention loss, slow reaction to a particular event, or low performance in tasks to which the individual has the necessary skills), and subjective feelings of drowsiness and tiredness. From an abstract point of view, fatigue may be seen as two-dimensional, namely mental and physical. Despite the frequent inter-dependence of these two dimensions, they may be addressed independently [2] .
In this work it is detailed a monitoring system for mental fatigue. It intends to detect different mental fatigue states of an individual in a non-invasive and transparent way. The system will analyze a set of features that stem from the individual's use of the computer, namely from the mouse and the keyboard. The system goes through a prior learning phase in which the behavior of an individual while using the computer without fatigue is studied. Later, it classifies its level of mental fatigue by quantifying changes in the individual's behavior. This approach will open the door to the development of better and intelligent working environments, that may be aware of their users' mental states and take actions towards the improvement of quality of life and their performance on tasks in which they are engaged.
Mental Fatigue Detection
Fatigue is a non-specific symptom. It may be estimated or detected from multiple sources, including the profile of the individual (e.g. age, gender, professional occupation, consumption of alcohol or drugs), performance and precision indicators (e.g. mouse click/movement precision or tasks delivered), or attention span (e.g. time spent on a particular task versus the time spent in other non-related tasks) [4] .
The user's profile provides valuable information with respect to the potential level of fatigue [5] . It can be seen as a predicted base level of fatigue in the sense that it establishes a baseline, according to the lifestyle of the individual. These aspects have been thoroughly studied, mostly by psychologists, and encompass:
-Age -Defines de mental age of the individual. It is crucial to understand the expected cognitive abilities of the individual, which may have a tendency to degrade over time. -Gender -The mental states are different between men and women.
-Professional occupation -Important to understand possible causes of mental fatigue, or to foil false states, since many occupations are intrinsically more tiresome or exhausting than others. -Consumption of alcohol and drugs -The use of certain substances for short or prolonged periods of time may cause dependencies and other effects that lead to a state of mental fatigue.
Mental performance is generally seen as the combination of the speed and success/accuracy of an individual when carrying out a task. It is improved when the individual has plain use of his cognitive skills and decreased when these skills are somehow impaired or diminished [6] . Cognitive skills may include:
